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Abstract
Our paper presents the results of the application of a micropropagation protocol developed at the 
Fruit Research Station Cluj, in Rubus fruticosus cultivars ‘Čačanska bestrna’, ‘Chester Thornless’, ‘Loch 
Ness’ and ‘Navaho’. For the in vitro multiplication stage, Murashige & Skoog (MS) media supplemented 
with 0.3 and 0.5 mg/l BAP and gelled with starch were used. Direct ex vitro rooting was carried out. 
The shoots regenerated in vitro in the multiplication stage were rooted ex vitro in two experimental 
treatments: float hydroculture and floating perlite beds. In cultivars ‘Loch Ness’ and ‘Chester’ 0.5 mg/l 
BAP yielded good results regarding in vitro proliferation and multiplication rates and the regenerated 
shoots were vigorous, suitable for ex vitro rooting and acclimatization. In cultivars ‘Navaho’ and ‘Čačanska 
Bestrna’ the optimal BAP concentration was 0.3 mg/l, which ensured normal plantlet development. The 
experimental treatments with 3 and 4 microcuttings / vessel gave good results, whereas the ones with 1 
and 2 microcuttings / vessel did not yield satisfactory results regarding growth and proliferation. Wheat 
starch was successfully used as a gelling agent in all the cultivars. In cultivar ‘Čačanska bestrna’ potato 
starch gave very good results regarding in vitro proliferation. In the direct ex vitro rooting experiments 
floating perlite gave good results in all the cultivars. In cultivar ‘Čačanska bestrna’ ex vitro rooting in float 
hydroculture gave relatively poor results, with rooting percentages around 60 %.
Keywords: tissue culture, CPPU, ’Čačanska Bestrna’, ’Chester’, ’Loch Ness’, ’Navaho’.
Abbreviations: BAP- 6-benzilaminopurine; MS 
- Murashige and Skoog Media (Murashige and 
Skoog, 1962); MSa - modified MS medium, gelled 
with Plant Agar; MSs - modified MS medium, gelled 
with 50 g/l wheat starch; MSsP - modified MS 
medium, gelled with 80 g/l potato starch; CPPU- 
forchlorphenuron; cv./cvs – cultivar/cultivars
INTRODUCTION   
The blackberry cvs ’Chester Thornless’, and 
’Loch Ness’ have good flavour. ’Chester Thornless’ 
is also frost-tolerant (Wójcik-Seliga and Wójcik-
Gront, 2013) and its high productivity per plant 
and per hectare was on the first place among many 
cultivars tested in the field (Smith 2002, Eyduran 
et al., 2008, Wójcik-Seliga and Wójcik-Gront, 
2013), Navaho is a thornless erect cultivar whose 
fruits are very suitable for storage (Clark and 
Finn, 2011). ’Čačanska Bestrna’ is remarkable by 
fruit weight, phenolics content and anti-oxidant 
capacity of the fruits (Milošević et al., 2012).
The issue of blackberry micropropagation 
was addressed by several researchers (Bobrowski 
et al., 1996; Erig et al., 2002; Gajdosova et al., 2006; 
Najaf-Abadi et al., 2009; Villa et al., 2006, 2009). 
Generally in vitro proliferation of axillary shoots 
was carried out on culture media supplemented 
with cytokinins and auxins, followed by the excision and in vitro rooting of axillary shoots on 
culture media with or without auxins and then 
the plantlets which were rooted in vitro were 
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transferred ex vitro and acclimatized in various 
solid substrates. Direct ex vitro rooting gave results superior to in vitro rooting (Lepse and Laugale, 
2009). In blackberry cv. ‘Gazda’ the cytokinin 
CPPU gave superior results in the multiplication 
stage and the shoots were rooted directly ex vitro 
in Jiffy7 pellets (Vescan et al., 2012). Regeneration 
of adventitious shoots from leaf explants was also 
carried out (Gupta and Mahalaxmi, 2009; Meng, 
2004).
Blackberry cv. ’Čačanska Bestrna’ was pro-
pagated in vitro (Ružić and Lazić. 2006), but low 
multiplication rates were obtained, maximum 2.45 
and many short shoots at the plantlets’ base. In 
vitro rooting was carried out, the rooted plantlets 
were transferred ex vitro and the acclimatization 
percentage was 100 %. Efficient adventitious 
shoot regeneration was also achieved from leaf 
explants on media supplemented with auxins and 
cytokinins (Ružić and Lazić, 2007).
The aim of our research was to elaborate 
an effective and cheap protocol for the massive 
propagation of several blackberry cultivars 
(‘Čačanska bestrna’, ‘Chester Thornless’, ‘Loch 
Ness’ and ‘Navaho’), by testing and optimizing 
techniques that gave good results in other 
blackberry cvs, for example direct ex vitro rooting 
and acclimatization in float hydroculture (Fira 
et al., 2010, 2011) and in floating perlite (Fira et 
al. 2012); we successfully addressed the issue 
of alternative gelling agents, especially starch, 
inspired by the results of several researchers (Jain 
and Babbar, 2005; Jain-Raina and Babbar, 2011; 
Kuria et al., 2008; Mbanaso, 2008; Nkere et al., 
2009).
MATERIALS AND METHODS   
In vitro culture initiation and stabilization. 
The plant material used for in vitro culture 
initiation consisted of primocanes from which 
the axillary and terminal buds were excised and 
inoculated onto modified MS media with 0.7 
mg/l BAP using the initiation protocol previously 
described (Fira et al., 2011). For in vitro culture 
stabilization and obtaining in vitro cultures in the 
proliferation stage, MSa media with 0.3 and 0.5 
mg/l BAP were used, as well as MSs with 0.5 mg/l 
BAP. 
The multiplication stage. The culture me-
dium was MSa with 0.5 mg/l BAP, prepared from 
stock solutions of macroelements, microelements 
and vitamins. All the components were added 
to the media before autoclavation. The gelling 
agents were added to the media before adjusting 
pH. The culture media were dispensed into 720 
ml jars (100 ml of media/jar) with screw caps 
provided with antimicrobial filters and sterilized 
by autoclavation at 121o C for 30 minutes. 
The microcuttings (2 cm long shoots or shoot 
fragments with 4-5 nodes) were inoculated into 
the vessels in such a way that 2/3-3/4 of the basal 
parts of the shoots were immersed into the media. 
The cultures were incubated in the growth room 
at 24-26oC temperature, artificial light provided by 
cool white fluorescent tubes (2400 Lux), 16-hour 
photoperiod. Unless stated otherwise, the culture 
periods were three months.
The axillary shoots regenerated from each 
plantlet were counted, as well as the number 
of potential microcuttings represented by 2 
cm long shoot fragments that could be excised 
from each plantlet in the multiplication stage. 
Average proliferation rates represent the average 
numbers of shoots regenerated per initial explant 
in each multiplication cycle, whereas average 
multiplication rates were considered to be the 
average numbers of 2 cm long microcuttings 
(usable as explants for subsequent multiplication 
cycles) which were obtained per initial explant 
in each multiplication cycle. In some cases 
the multiplication rates were higher than the 
proliferation rates because some shoots could be 
cut in half, yielding two microcuttings.  
For statistical analysis, monofactorial ANOVA 
was used (p≤0.05). The software was Gnumeric, 
produced by The Gnome Foundation.
In order to obtain high proliferation rates and 
at the same time to regenerate well-developed 
shoots suitable for direct ex vitro rooting and 
acclimatization the following experiments were carried out:
1. Testing the standard in vitro multiplication 
protocol elaborated at the Fruit Research Station 
Cluj, for the four blackberry cultivars. In cvs 
‘Chester Thornless ‘, ‘Čačanska Bestrna’ and ‘Loch 
Ness’ four microcuttings/vessel were inoculated 
and in ‘Navaho’ 5 microcuttings/vessel.
2. The influence of the number of microcuttings/ 
culture vessel upon the in vitro proliferation rates 
in blackberry cultivars ‘Chester Thornless’ and 
‘Čačanska bestrna’. The experimental treatments 
were:
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- ‘Čačanska bestrna’: V1-1 microcutting/vessel; 
V2-2 microcuttings/vessel; V3-3 microcuttings/ 
vessel;
- ‘Chester Thornless’: V1’-1 microcutting/vessel; 
V2’-2 microcuttings/vessel; V3’-3 microcuttings/
vessel;
- Five vessels per experimental treatment were examined.
3. The influence of BAP concentration and num-
ber of microcuttings/vessel upon blackberry culti-
var ‘Čačanska Bestrna’ in vitro culture. Having in 
view the very high proliferation rate in blackberry 
cv. ‘Čačanska Bestrna’ cultured on MSs with 
0.5 mg/l BAP, an experiment was carried out 
in order to test the effect of decreasing the BAP 
concentration. Two variants of culture media were 
used: V1 - MSs+ 0.5 mg/l BAP and V2 – MSs + 0.3 
mg/l BAP. Five vessels per experimental treatment 
were examined.
4. The use of potato starch for the in vitro 
multiplication of blackberry cultivars ‘Navaho’ and 
‘Čačanska bestrna’. Two experimental treatments, 
with five vessels per treatment were used. Four 
microcuttings were inoculated into each vessel (a 
total number of 20 microcuttings/experimental 
treatment): 
- V1. MSs (MSm + 50 g/l wheat starch) + 0.3 mg/l BAP
- V2. MSsP (MSm + 80 g/l potato starch) + 0.3 mg/l 
BAP  
5. The influence of CPPU upon blackberry in 
vitro multiplication. MSs with two concentrations 
of CPPU was used for all four blackberry cvs: 
‘Čačanska bestrna’, ‘Chester Thornless’, ‘Loch Ness’ 
and ‘Navaho’.
- V1 – MSs + 0.5 mg/l CPPU;
- V2 - MSs + 1 mg/l CPPU.
Four microcuttings/vessel were inoculated 
and four vessels per experimental treatment were 
used (a total number of 16 plantlets/treatment). 
The culture period was 2.5 months.
Direct ex vitro rooting and acclimatization.
For ex vitro acclimatization, the method 
of direct ex vitro rooting in float hydroculture 
was tested in cvs ‘Čačanska bestrna’, ‘Chester 
Thornless’ and ‘Loch Ness’ and floating perlite in 
cvs ‘Čačanska bestrna’, ‘Loch Ness’ and ‘Navaho’. 
The culture period was one month.
RESULTS AND DISCUSSIONS
The multiplication stage
1. Testing the standard in vitro multiplication 
protocol elaborated at the Fruit Research Station 
Cluj, for the four blackberry cultivars.
The four cultivars, ‘Čačanska bestrna’, ‘Chester 
Thornless’, ‘Loch Ness’ and ‘Navaho’, cultured in 
vitro by using the standard protocol elaborated in the In Vitro Culture Laboratory of the Fruit 
Research Station Cluj showed great differences 
regarding in vitro growth and proliferation. In cvs 
‘Čačanska Bestrna’ and ‘Navaho’ there was intense 
axillary shoot proliferation and most of these were 
short, 1-2.5 cm in length. In both cvs the number 
of 5 microcuttings inoculated/vessel proved to be 
excessive, leading to the overcrowding of the culture 
vessels with intensely proliferated plantlets, with 
thin, relatively short axillary shoots (Fig. 1). 
Fig. 1. In vitro proliferation on MSs 
media with 0.5 mg/l BAP: A) cv. 
Čačanska Bestrna; B) cv. Navaho.
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Tab. 1 presents the results regarding in vitro 
multiplication on MSs medium with 0.5 mg/l BAP 
in cvs ‘Čačanska bestrna’, ‘Chester Thornless’, ‘Loch 
Ness’ and Tab. 2 presents the results regarding 
in vitro proliferation in blackberry cv. Navaho on 
MSs medium with 0.5 mg/l BAP.
In cv. ‘Chester Thornless’ there was slow 
growth and proliferation, the plantlets reached 
optimal sizes after three months in culture and 
they were very viable after one more month in 
culture. In cv. ‘Loch Ness’ the plantlets reached 
optimal sizes after 10 weeks in culture on MSs with 
0.5 mg/l BAP. After that, the cultures that were 
kept in vitro over the optimal period underwent 
senescence and deteriorated slowly. In ‘Čačanska 
Bestrna’ the three month culture period had 
beneficial effect regarding shoot elongation. Regarding plantlet height, the differences 
between ‘Loch Ness’ and ‘Čačanska Bestrna’ 
(p=0.001305) and the ones between ‘Chester 
Thornless’ and ‘Čačanska Bestrna’ (p=3.700558E-06) 
were significant statistically, which shows that 
‘Čačanska Bestrna’ had very intense growth and 
proliferation as compared to the other two cultivars. 
The differences between ‘Chester Thornless’ and 
‘Čačanska Bestrna’ were significant statistically 
regarding the number of shoots regenerated/vessel 
(p=0.025324) and the number of microcuttings 
obtained/vessel (p=0.044092).
2. The influence of the number of microcuttings/ 
culture vessel upon the in vitro proliferation rates 
in blackberry cultivars Chester Thornless’ and 
‘Čačanska Bestrna’.  
In these two cultivars the treatment containing 
three microcuttings /vessel had the highest 
proliferation rates, respectively 54 in cv. ‘Čačanska 
Bestrna’ and 28.2 in cv. ‘Chester Thornless’ (Tab. 
3). According to these results, despite the very high 
proliferation of axillary shoots the use of 1 or 2 
microcuttings /vessel is not recommended, minimum 
3 should be used. For ‘Čačanska Bestrna’ the use of 
three microcuttings /vessel is recommended, as in 
this case the proliferation rate was higher than in 
the treatment with four microcuttings/vessel, where 
the proliferation rate was 47.12. In cv. ‘Chester 
Thornless’, which had far less intense growth and 
proliferation, the treatment with three microcuttings 
/vessel gave poorer results than the treatment with 
four microcuttings /vessel. 
Regarding shoot number/vessel, the diffe-
rences between V1 and V2 (p=0.042450) and 
between V1 and V3 (p=0.017895) were signi-
ficant statistically. The differences between V1’ 
and V2’ (p=0.008460) and between V1’ and 
V3’ (p=0.011867) were also significant. The 
differences regarding proliferation rates/plantlet 
were not significant statistically.
Cultivar
Average plantlet 
height (cm)
No. of shoots resulted/vessel No. of microcuttings resulted/vessel Average proliferation rates Average multiplication rates
‘Chester’ 5.36 139.75 171.75 34.93 42.93
‘Loch Ness’ 6.41 138 169.5 34.5 42.37
‘Čačanska Bestrna’ 8.18 188.5 226.25 47.12 56.56
, on MSs with 0.5 mg/l BAP (5 microcuttings /vessel).
Vessel Average plantlet height (cm) No. of shoots resulted/vessel Average proliferation rates1 4.3 316 63.22 5 172 34.43 5 150 304 6 207 41.45 3.5 145 29
Average 4.76 198 39.6
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Tab. 2 In vitro proliferation in cv. ‘Navaho’
Tab. 1  The results regarding in vitro proliferation in cvs ‘Čačanska Bestrna’, ‘Chester Thornless’ and ‘Loch Ness’ 
on MSs supplemented with 0.5 mg/l BAP
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3. The influence of BAP concentration and 
number of microcuttings/vessel upon blackberry 
cultivar ‘Čačanska Bestrna’ in vitro culture. 
 In blackberry cv. ‘Čačanska Bestrna’, the re-
duction of BAP concentration lead to the significant 
increase of plantlet height (p=0.039490) and 
to the reduction of in vitro proliferation rate 
(p=1.940252E-006). The number of shoots/vessel 
also decreased significantly (p=0.000337) despite 
the fact that in the V2 treatment, with 0.3 mg/l BAP 
the number of initial inocula/vessel was increased 
to 5 (Tab. 4), but the plantlets were more vigorous, 
with longer and better developed shoots on the V2 treatment. 
 4. The use of potato starch for the in vitro 
multiplication of blackberry cultivars ‘Navaho’ and 
‘Čačanska Bestrna’. 
The differences between the two treatments 
were not significant statistically. Tab. 5 presents 
the results regarding the use of potato starch 
compared with wheat starch for the in vitro 
multiplication of cultivars ‘Navaho’ and ‘Čačanska 
Bestrna’.
5. The influence of CPPU upon blackberry in 
vitro multiplication.
CPPU lead to the regeneration of deformed 
plantlets, with short, thickened, herbaceous sho-
Cultivar Treatment
Average plantlet 
height (cm)
Average no. of shoots resulted/vessel Average proliferation rates
‘Čačanska Bestrna’ V1. 1 inocula/vessel 2.24 11.4 11.4
V2. 2 inocula/vessel 3.94 97.4 48.7
V3. 3 inocula/vessel 4.06 162 54
‘Chester Thornless’ V1’. 1 inocula/vessel 3.42 18.4 18.4
V2’. 2 inocula/vessel 3.68 52.6 26.3
V3’. 3 inocula/vessel 3.88 84.6 28.2
Treatment
Initial no. of 
microcuttings/vessel
Plantlet 
height (cm)
No. of shoots resulted/vessel Average proliferation rates
V1. MSs+ 0.5 mg/l BAP 4 6.9 353.2 88.3
V2. MSs + 0.3 mg/l BAP 5 7.7 147 29.4
Cultivar Treatment Average height (cm)
No. of shoots/vessel No. of microcuttings derived/vessel Average proliferation rates Average multiplication rates
‘Navaho’
V1. MSs + 0.3 mg/l BAP 3.02 69 70.8 17.25 17.7
V2. MSsP+ 0.3 mg/l BAP 3.15 91.8 94.2 22.95 23.55
‘Čačanska 
Bestrna’
V1. MSs + 0.3 mg/l BAP 3.53 128.8 132.6 32.2 33.15
V2. MSsP+ 0.3 mg/l BAP 2.83 65.2 65.8 16.3 16.45
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Tab. 4 The influence of BAP concentration and number of microcuttings/vessel upon blackberry cv. ‘Čačanska 
Bestrna’ in vitro culture
Tab. 5  In vitro multiplication on media gelled with wheat starch and potato starch in blackberry cultivars 
‘Navaho’ and ‘Čačanska Bestrna’ 
Tab. 3  The influence of the number of microcuttings /vessel in blackberry cultivars
‘Chester Thornless’ and ‘Čačanska Bestrna’
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ots and deformed leaves, especially at 1 mg/l 
concentration, especially in cultivars ‘Loch Ness’ 
and ‘Chester Thornless’. At 0.5 mg/l CPPU the 
plantlets in cultivars ‘Navaho’ and ‘Čačanska 
Bestrna’ looked normal, without evident 
deformations.
Having in view the deformations and the bad 
quality of the plant material the investigations 
regarding the use of CPPU as growth regulator for 
blackberry in vitro culture were not continued. 
Fig. 2 presents images of blackberry plantlets 
cultured on media supplemented with CPPU. Table 
6 presents the results of in vitro multiplication on 
media supplemented with CPPU.
In cv. ‘Loch Ness’ the differences regarding the 
number of shoots/vessel (p=0.007013), the number 
of microcuttings resulted/vessel (p=0.022949) and 
proliferation rates (p=0.028627) were significant 
statistically. In the other cultivars there were no 
significant differences between the treatments 
V1 and V2 regarding the biometrical values we obtained.
Direct ex vitro rooting and acclimatization.In all the cultivars, direct ex vitro rooting in 
floating perlite yielded good results, especially in 
cvs ‘Navaho’ and ‘Loch Ness’, where rooting and 
acclimatization percentages of more than 80 % 
Cultivar Treatment
Average 
height 
(cm)
No. of shoots/ vessel No. of microcuttings derived/vessel Average proliferation rates Average multiplication rates
‘Navaho’
V1. 0.5 mg/l CPPU 3.83 76.75 86.5 19.18 21.62
V2. 1 mg/l CPPU 3.14 77.5 82.5 19.37 20.62
‘Čačanska 
Bestrna’
V1. 0.5 mg/l CPPU 4.43 145 157.75 36.25 39.43
V2. 1 mg/l CPPU 4.1 172.25 177.5 43.06 44.37
‘Chester 
Thornless’
V1. 0.5 mg/l CPPU 3.97 90 98.25 22.5 24.56
V2. 1 mg/l CPPU 3.93 93.75 101.75 23.43 25.43
‘Loch Ness’
V1. 0.5 mg/l CPPU 3.97 74.5 85 18.62 21.25
V2. 1 mg/l CPPU 3.96 110 120.25 27.5 30.06
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Fig. 2 ‘Čačanska bestrna’ plantlets cultured in vitro on media supplemented with CPPU:
A) 0.5 mg/l; B) 1 mg/l
Tab. 6 The influence of CPPU on blackberry in vitro multiplication 
(average values per experimental treatment)
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were obtained constantly. In ‘Čačanska Bestrna’ 
the plantlets derived from the multiplication 
medium MSs with 0.3 mg/l BAP gave superior 
rooting percentages (Tab. 7). 
Keeping the plants for another month after 
the one-month acclimatization period lead to the 
massive increase of root lengths. In cv. ‘Čačanska 
Bestrna’ the method of ex vitro rooting in floating 
cell trays yielded modest results (Tab. 8).
CONCLUSION   
The thornless blackberry cultivars ‘Čačanska 
Bestrna’, ‘Chester Thornless’, ‘Loch Ness’ and 
‘Navaho’ can be effectively propagated in vitro 
Cultivar Total no. of shoots No. of rooted shoots Rooting percentages (%)
‘Navaho’* 233 190 81.55
‘Loch Ness’ 96 90 93.75
‘Loch Ness’ 229 202 88.21
‘Chester Thornless’ 150 124 82.66
‘Chester Thornless’ 253 156 61.66
‘Čačanska Bestrna’ 332 191 57.53
‘Čačanska Bestrna’ 225 135 60
‘Čačanska Bestrna’* 116 108 93.10
*Derived from cultures on MSs with 0.3 mg/l BAP
Treatment Total no. of shoots No. of rooted shoots Rooting percentages (%)1. Short shoots* 131 88 67.18
2. Long shoots * 191 142 74.35
3. Mixed shoots** 148 83 56.08
* In  1 cm diameter cells, ** In 10 cels with the sides of 3x3 cm
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Tab. 7 The results of ex vitro rooting and acclimatization in floating perlite in the blackberry cvs we studied
Tab. 8 Direct ex vitro rooting in cv. ‘Čačanska Bestrna’ in float hydroculture
Fig. 3 Shoots rooted ex vitro in floating perlite: A) cv. ‘Navaho’, after 
one month in culture; B) cv. ‘Čačanska Bestrna’ after two months in culture
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in order to produce container-grown planting 
material, the high proliferation rates ensuring 
the economic effectiveness of this propagation method.
Wheat starch at 50 g/l concentration proved 
to be an effective gelling agent for all the cultivars 
we tested and it was successfully used as an agar 
substitute in the multiplication stage. 
The optimal cytokinin proved to be BAP at 
0.5 mg/l concentration for cultivars ‘Chester 
Thornless’ and ‘Loch Ness’, 0.3 mg/l for ‘Navaho’ 
and for ‘Čačanska Bestrna’ both concentrations can be used.
CPPU ensured intense proliferation in all the 
cultivars but it also caused deformation and it 
proved not to be suitable for practical purposes.In all the cultivars direct ex vitro rooting in 
floating perlite proved to be efficient, with rooting 
and acclimatization percentages that in most cases 
exceeded 80 %.
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